Objective: To explore rural-urban differences and trends in tissue plasminogen activator (tPA) utilization among acute ischemic stroke (AIS) patients and examine the association between primary stroke center (PSC) growth and geographic disparity in tPA use.
Thrombolysis using recombinant tissue plasminogen activator (tPA) is a highly effective treatment for acute ischemic stroke (AIS). tPA reduces stroke symptom burden, decreases poststroke dependency, and is cost-effective. [1] [2] [3] In spite of these benefits, tPA utilization rates in the United States are less than 5%. 4, 5 To improve stroke care quality and outcomes and reduce disparities in stroke care in the United States, the Joint Commission on Accreditation of Health Care Organizations (JCAHO) began certifying hospitals as primary stroke centers (PSCs) in 2004. Several studies suggest that AIS care subsequently improved. The tPA utilization rate in PSCs is nearly 3 times the national rate. 6 However, the PSC certification program currently does not include a specific strategy for the 20% of the US population that lives in rural areas. Rural Americans are at greater risk of cerebrovascular disease due to higher rates of tobacco use, alcohol abuse, and hypertension. 7, 8 Yet no studies have examined whether the geographic distribution of tPA has trended toward equity or inequity since PSC certification began.
To address this knowledge gap and guide future programmatic efforts to further improve disparities in stroke care, we used data from the Nationwide Inpatient Sample (NIS) to measure rural-urban differences in tPA utilization for AIS and describe temporal trends in geographic disparities in tPA utilization, particularly since PSC designation began in 2004. A greater understanding of the drivers of tPA utilization is necessary to guide the design of additional measures to ensure that access to tPA treatment is equitable for all communities in the United States.
METHODS This study was approved by the Human Research Protection Office at the University of Pennsylvania, Philadelphia.
Study design and dataset. We performed a serial crosssectional analysis of hospitalizations in the NIS from 2001 to 2010. The NIS is one of the databases developed for the Healthcare Cost and Utilization Project (HCUP), 9 sponsored by the Agency for Healthcare Research and Quality. The NIS contains clinical (diagnoses, procedures) and nonclinical (demographic and insurance information, charges, length of stay, disposition) weighted data on over 36 million community (nonfederal, general, short-term, and specialty) hospitalizations nationally. The NIS has been widely used to examine disparities in acute stroke care. 6, [10] [11] [12] [13] Study population. Our study population consisted of all discharges with a diagnosis of AIS using the ICD-9 codes 433.x1, 434.x1, or 436. Previous research supports the use of these ICD-9 codes for AIS identification in administrative datasets. 14 We excluded discharges of patients younger than 18 years.
Individual characteristics. The following patient data were extracted: sex, age (categorized as ,60 years, 60-69 years, 70-79 years, 801 years, and also analyzed as a continuous variable), type of admission (emergent, urgent, elective, other), insurance (Medicare, Medicaid, private insurance, self-pay, no charge, other), and discharge status (routine, died, transferred). Race (black, white, Asian/Pacific Islander, and Hispanic) is not reported by all states that participate in the NIS, but was extracted when available. Comorbid disease burden was quantified using the Charlson Comorbidity Index score calculated by HCUP comorbidity software. 15 Hospital and geographic characteristics. Hospitals in the NIS are categorized according to the following characteristics: (1) geographic: state, Census region; (2) location: urban, rural; (3) bed size: small, medium, large; and (4) teaching status: teaching, nonteaching. In the NIS, a hospital location was identified as urban if it was located in a metropolitan statistical area (MSA) and a non-MSA was classified as rural, based on 1990 US Census data. Beginning with 2004 NIS data, the classification of urban or rural hospital location used core-based statistical area (CBSA) codes, based on the 2000 US Census data. Hospitals residing in metropolitan CBSA counties were considered urban, while hospitals with a CBSA micropolitan or non-core designation were classified as rural. To account for PSC growth, we calculated the number of PSCs per US county for each year of data using accreditation records from the JCAHO. For example, the data from 2005 would include county-level data on the number of PSCs that had active accreditation in 2005. 16 Primary outcome. Statistical analysis. tPA utilization. We calculated annual thrombolysis rates for AIS in the NIS dataset from 2001 to 2010 stratified by individual and hospital characteristics. Unconditional logistic regression models were built to examine the odds of tPA receipt predicted by hospital location (urban vs rural) controlling for individual characteristics (race, sex, age, insurance type, comorbidity burden, length of hospitalization), hospital characteristics (bed size, teaching status), and year. 
Continued
Trends in rural-urban tPA disparities. We examined the geographic trends in tPA usage by directly comparing national weighted tPA rates in urban vs rural hospitals from 2001 to 2010. State-level data were used to determine the extent to which geographic disparities in tPA have changed between 2004 and 2010. These years were chosen because JCAHO certification of hospitals as PSCs began in 2004 and the most recent NIS dataset available at the time of this study was 2010. State-level disparities in tPA were quantified by calculating the rural-urban hospital tPA rate ratio and also by calculating the rural-urban Gini index for 2004 and 2010. Rural-urban rate ratios were calculated using the formula (R iu /R ir ), where R is the unadjusted rate of tPA utilization (i 5 year, u 5 urban, r 5 rural). The Gini index is widely used to measure geographic inequity in income, health care access, treatment utilization, and outcomes. [17] [18] [19] Defined mathematically as half of the absolute difference between any 2 values of an outcome (e.g., income, vaccination, or adverse event) normalized on the mean, the Gini index can be calculated using the following formula:
where H k is a cumulated portion of the hospitals by geography (i.e., urban and rural) and U k is a cumulated portion of tPA utilized by the respective geographic portions. The calculated Gini index can be expressed as a percent ranging from 0% (perfect equality, rural hospital tPA rates are equal to urban hospital tPA) and 100% (perfect inequality, no rural hospital AIS patients receive tPA, all urban hospital AIS patients do). In practice, the Gini coefficient can be categorized as low (,20%), moderate (20%-30%), high (30%-40%), or extreme (.40%) inequality. 20, 21 We calculated a Gini index (expressed as a percent) to quantify the inequality in tPA between urban and rural hospitals.
We performed several sensitivity analyses focused on stroke patients who may have presented to a rural hospital with stroke symptoms, but were transferred to urban or PSC hospitals for care, or who may have received tPA and were transferred immediately thereafter. The latter are commonly referred to as drip and ship cases. The ICD-9 code for drip and ship treatment, V45.88, did not become available until October 1, 2008, limiting our ability to specifically identify these cases prior to that date. However, the NIS includes a variable that indicates a patient was transferred from another hospital. We repeated our primary analyses, first excluding individuals who were transfer patients (according to NIS data), and then excluding patients with ICD-9 code V45.88 (2009 and 2010 data). A third sensitivity analysis was performed using only individuals with acute stroke recorded as the primary diagnosis. Statistical analyses were performed using Statistical Analysis System 9.3 (SAS; SAS Institute Inc., Cary, NC). Maps to display state-level differences in tPA were prepared with ArcMap 10.1 (Environmental Systems Research Institute, Redlands, CA).
RESULTS
We identified 914,500 discharges for AIS between 2001 and 2010. Of these cases, 2.3% (n 5 21,190) received thrombolysis. The distributions of patient, hospital, and geographic characteristics of AIS patients stratified by tPA treatment status are displayed in table 1. Although the NIS data do not contain research measures of stroke severity (such as the NIH Stroke Scale score) or assessments of tPA eligibility, AIS patients cared for at rural hospitals did not have a higher prevalence of diagnoses that are viewed as a contraindication to tPA receipt (table e-1 at Neurology.org).
Rural-urban disparity in acute stroke care has increased. Furthermore, the number of states with a Gini inequity index between 50% and 75% grew from 7 to 10 during the time of PSC growth. In our sensitivity analyses, we found no use of the ICD-9 code for drip and ship until 2008, as expected. A total of 17% (n 5 764) and 20.5% (n 5 1785) of tPA-treated stroke patients were drip and ship cases in 2009 and 2010. After excluding these, AIS patients presenting to urban hospitals in 2009 or 2010 were still over 2.5 times more likely to receive tPA (AOR 2.56, 95% CI 2.26-2.90) (table e-2). Excluding transferred patients (n 5 32, 490) from our analytic dataset did not meaningfully affect the magnitude or direction our primary findings (table e-3). Finally, excluding individuals who had acute stroke as a secondary discharge diagnosis (n 5 200,658) also produced the same findings as our primary analyses (table e-4).
DISCUSSION In 2005, the Centers for Disease
Control and Prevention partnered with government, academic, and private stakeholders to produce a public action plan to reduce the burden of stroke in the United States. A fundamental tenet of that plan was to provide access to standard care without disparity. 22 Stroke incidence is greatest in the rural southeast and coastal plains regions of the United States 23 ; however, there are limited data on geographic inequities in stroke care or outcomes. Using data from the largest publicly available allpayer database, we found that fewer patients with AIS receive tPA at rural hospitals compared to urban hospitals and this disparity has increased. Further, urban-rural disparities in acute stroke treatment are increasing in spite of massive public and private investment in multilevel (community, hospital, region) and multifaceted (public awareness campaigns, provider incentives, increased reimbursement) interventions to improve stroke outcomes for all Americans. There are several potential contributors to the growing rural urban disparities in acute stroke care, which can be grouped as structure (provider, facility, and organizational characteristics, ability to access care), process (diagnosis, treatment). and patient (tPA eligibility, disease severity) barriers.
Utilization of a particular health service is contingent upon that service being available where and when the patient needs it. Few PSCs are located in rural areas, and PSC growth in rural areas has been minimal. In the NIS dataset, 2.4% of rural hospitals had PSC status in 2010, compared to 18.7% of urban hospitals, increased from 1.2% and 14.9% in 2004 when the PSC program began. Overcoming this imbalance in infrastructure is unlikely, in part because of the prerequisite certifications for a PSC application. 24 The JCAHO is the only organization that offers stroke program certification. 25 More than 95% of urban hospitals are JCAHO accredited, compared with 35% of rural critical access hospitals. 26 Many rural hospitals cannot afford the JCAHO accreditation process, or have a patient case mix or bed size that would nullify the usefulness of JCAHO accreditation from a payer perspective. At the state level, lack of state stroke legislation and limited state economic output may also contribute to fewer PSCs and less stroke care infrastructure in predominantly rural states. 27 Finally, neurologists, the physicians who are best trained to evaluate AIS patients, may be geographically segregated, with fewer practicing in rural areas. Such supply-side disparities are likely Table 2 Predictors to persist in the absence of centrally supported programmatic efforts to improve access to neurologic care. Geographic differences in preventative health care effectiveness may manifest as a greater percentage of rural stroke patients having appropriate tPA contraindications. The lack of PCP availability in rural areas has been demonstrated in many studies. [28] [29] [30] [31] We did not find a disproportionate number of inpatient diagnoses that would absolutely prohibit tPA use; however, comorbid disease severity, prestroke disability, life expectancy, or other factors that result in appropriate tPA contraindication may vary in rural vs urban populations, even after accounting for baseline sociodemographic differences and standard comorbidity scoring in our study. Optimal primary care in rural areas would prevent some, but not all, strokes that may benefit from tPA therapy, reinforcing the need to address access barriers.
As currently delivered, tPA requires that patients present for emergent care within a certain time period. There are several reasons other than a nocturnal onset or unwitnessed stroke that may lead rural AIS patients to have longer prehospital delay. A multiyear cross-sectional analysis of the Behavioral Risk Factor Surveillance System survey of 13 states and the District of Columbia revealed that adults who had low heart attack and stroke knowledge scores were more likely to be rural (AOR 1.218, 95% CI 1.216-1.219) area residents, using the same definitions for rural and urban as the NIS. 32 Rural African American (AOR 1.76, 1.758, 1.768) and rural Hispanic respondents (AOR 2.787, 2.772, 2.802) were especially vulnerable to having minimal stroke and heart knowledge. 31 Similar studies suggest that stroke awareness in urban populations approaches 60%, 33, 34 highlighting a potential need for increased stroke awareness campaigns in rural areas. Even if stroke awareness in rural areas responded to community or media-based campaigns, rural AIS patients may still face a transportation barrier, with fewer and less reliable means to travel to the hospital (e.g., public transportation, private vehicle, or ambulance) and greater distances to travel to reach care. This is the largest study to date of geographic disparities in AIS care, and provides a benchmark for the development and testing of structural, process, and patient-level interventions that have the potential to reduce the disparities reported here. In spite of these strengths, there are limitations to the use of observational data (e.g., prospective cohorts, disease registries, medical claims data) that relate to incorrectly measured variables (coding errors), unmeasurable variables (participation bias), or incomplete data (stroke severity). ICD-9 data may underestimate tPA use, 35 but there is no evidence that undercoding or coding errors are biased to rural hospitals. We were unable to assess behavioral factors such as community awareness of stroke symptoms and whether this affects individual-level response to stroke symptoms. Other local-level characteristics such as hospital density, urban adjacency, and ratio of PSC to non-PSC hospitals may also contribute to bias in our measurements. We did not have clinical trial or stroke registry level data on stroke severity or tPA eligibility. We did not find striking differences in tPA contraindications between rural and urban stroke patients, but more refined analyses are needed. NIS data for the time period during which other AIS treatments, such as mechanical thrombectomy, have emerged are not yet available. Future iterations of the NIS dataset may be used to examine changes in the approach to AIS with endovascular treatment, which may affect IV tPA use. In spite of these limitations, and need for much further study, we show a striking, growing disparity in tPA utilization among 59,492,276 people, or 19.3% of Americans living in rural areas. Greater understanding of the effectors of tPA utilization is necessary to ensure that access to tPA treatment is equitable for all communities in the United States.
AUTHOR CONTRIBUTIONS
Sergio Gonzales: carried out the secondary analyses, performed primary writing of the manuscript, and approved the final manuscript as submitted. Lesli Skolarus: reviewed and revised the manuscript and approved the final manuscript as submitted. Dylan Thibault: carried out the primary analyses, reviewed and revised the manuscript, and approved the final manuscript as submitted. Uduak Udoeyo: reviewed and revised the manuscript and approved the final manuscript as submitted. Michael Mullen: reviewed and revised the manuscript and approved the final manuscript as submitted. Allison Willis: conceptualized and designed the study, drafted the initial manuscript, and approved the final manuscript as submitted.
STUDY FUNDING
No targeted funding reported.
DISCLOSURE

